We have conducted a case-control study over a period of ten years comparing both deep infection with methicillin-resistant staphylococcus aureus (MRSA) and colonised cases with a control group.
The prevalence of methicillin-resistant Staphylococcus aureus (MRSA) infection in the European population has been growing steadily for more than a decade [1] [2] [3] [4] and in particular among those involved in orthopaedic trauma. 5, 6 We have shown previously that the rates of both colonisation and deep infection have continued to increase among those at high risk over the last ten years. 7 A number of risk factors for MRSA infection have already been identified in the general hospital population. 6, 8, 9 However, no previous studies have focused on trauma nor distinguished colonisation from deep surgical-site infection (SSI) in which there is bacterial growth from tissues lying beneath the deep fascia.
Control of infection is an important consideration in the management of trauma when the use of implants is commonplace, with frequent involvement of open wounds and compound fractures which have been sustained in contaminated environments. A large number of the patients sustaining trauma are elderly with comorbidities and are at an increased risk of SSI. 8 Therefore an understanding of the risk factors for the development of MRSA infection will guide the surgeon in identifying those who are most susceptible to infection so that appropriate targeted antimicrobial prophylaxis or treatment can be initiated. Such data are also valuable in the implementation of hospital policies for screening and control of infection, with isolation of infected patients which is already common practice in elective surgery, but not widely implemented in trauma. 10 We have attempted to identify risk factors for colonisation with MRSA and deep infection in orthopaedic trauma.
Patients and Methods
Data were collected between 1996 and 2006 from all adult patients with a confirmed positive culture for MRSA in the Edinburgh Orthopaedic Trauma Unit, which serves a population of 750 000.
The patients were divided into two groups. A deep infection was defined as considerable bacterial growth from a swab or tissue specimen sourced from beneath the deep fascia, and colonisation as any MRSA infection superficial to the deep fascia, including surface specimens. Table I lists the specific sites of infection in each group. A case-control study compared these two groups with another selected randomly from admissions after trauma over the same period who did not develop MRSA infection. All three groups were mutually exclusive. Duplicate admissions resulting from the same infection were excluded. Statistical analysis. A range of risk factors was analysed for the three groups (Table II) . Comorbidities were long-standing risk factors before admission and were evaluated using binary logistic regression. Other risk factors were analysed using a standard test of two-proportions (parametric data) and the Mann-Whitney U test(non-parametric continuous data). Statistical significance was set at p ≤ 0.05.
Results
There were 32 370 trauma admissions over the ten years which included 141 cases of deep MRSA infection, an overall rate of 0.44%. These cases were matched to numerically-equal, randomly-selected groups of colonised (141) and control patients (141). Risk factors for deep MRSA infection. The most significant risk factors for deep infection were vascular disease, chronic obstructive pulmonary disease, open wounds and stay in a high-dependency or intensive-care unit (Table III) . No other factors showed statistical significance in the regression model. Risk factors for MRSA colonisation. These included institutional care, vascular disease and dementia (Table IV) . Patients who resided in institutional care and suffered dementia were at higher risk of carrying MRSA on their body, but not necessarily of developing deep infections. Age and gender. Age was a risk factor for both colonisation and deep MRSA infection. The median age of those admitted with trauma was 56 years. In MRSA-colonised patients it was 81 years (p < 0.001 Mann-Whitney U test) and in those with a deep MRSA infection 75 years (p < 0.001 Mann-Whitney U test). 
Discussion
Risk factors for MRSA infection. Although the importance of underlying diseases in the pathogenesis of MRSA has been recognised few studies have examined the influence of individual diseases and none has addressed orthopaedic trauma. 9, 11, 12 We have found that older age, vascular diseases, chronic obstructive pulmonary disease and admission to a high-dependency or intensive-care unit may play an important role in the pathogenesis of infection with MRSA. Open wounds are an important risk factor for deep infection. 8, 13 Victims of trauma are susceptible to infection as a group. Their immunity may be suppressed because of the acute systemic response to injury and they are often elderly.
14 Risk factors such as vascular disease and chronic obstructive pulmonary disease are associated with poorer oxygenation of the environment of the wound, which facilitates infection. Patients with fractures also require frequent medical attention and repeated visits to hospital which is an independent risk factor for MRSA infection. MRSA risk and frequent hospital admissions. It has been suggested that frequent admissions to hospital increases the risk of MRSA infection. 8 We were able to quantify this. Patients with deep MRSA infections had spent a mean of ten days longer in hospital during the 12 months preceding infection than the colonised group. Most non-infected patients had not been in hospital during the 12 months before their admission for trauma. Regular in-patients usually have multiple medical co-morbidities and are more frail. They are exposed to hospital-acquired pathogens more often which may put them at risk of deep infection during treatment for injuries at a later date. Age and MRSA. Older age is well documented as a risk factor for MRSA infection. 8, 14 Our data have shown that the elderly are more susceptible to deep MRSA infection and have significantly higher rates of carriage than average when admitted for trauma. The increasing age of these patients means that we now encounter more with dementia who are often resident in institutional care. They have a greatly increased rate of carrying MRSA, but not of deep infection, suggesting that colonisation with MRSA does not alone lead to deep infection and that other co-factors may be important in the conversion from superficial to deep infection. This relationship has not previously been documented as no previous study has treated deep infection and colonisation separately.
13
The cost of MRSA infection. Hospital-acquired MRSA infections are a drain on the health services by increasing the length of in-patient stay with consequent nursing, medical and therapeutic costs. [14] [15] [16] The increased morbidity as a result of surgical infection after traumatic injury also incurs a cost to the patient, family and workplace. 17 Orthopaedic patients who acquire infection incur costs which are 2.6 times greater than those of non-infected counterparts. 18, 19 Our data showed that a deep MRSA infection resulted in a ten-fold increase in the length of hospital stay compared with an uncomplicated admission. Significance in practice. Our findings may be used to enhance current hospital policies for infection control by allowing stratification of the risk for MRSA based on basic clinical variables collected at the point of admission (Fig. 1) . In elective orthopaedic practice it is relatively easy to identify patients with MRSA by screening before admission, 10 but this is not possible after trauma because of the unplanned nature of the injuries. More rapid techniques for screening using polymerase chain reaction now allow identification of MRSA colonisation within 24 hours, but are more expensive than the slower methods. 20, 21 Simple steps can be taken to minimise the risk and spread of MRSA infection. We have introduced a more stringent policy for hand hygiene with increased use and availability of hand alcohol rubs on the orthopaedic wards, since this has been shown to reduce the incidence and spread of MRSA infection. 22, 23 Screening staff for colonisation has been a topic of recent interest, with subsequent eradication treatment if they are MRSA-positive. However, this is costly and may lead to overtreatment in cases of transient colonisation due to frequent brief clinical exposures to MRSA. Using the risk factors which we have identified, additional strategies may be instituted to reduce the risk of MRSA infection. It may be possible to select patients at higher risk of MRSA infection and place them in an isolated area. Rapid techniques for screening with provision of results within 24 hours would allow identification of MRSA-positive patients who could then be kept apart during their in-patient stay. There is some evidence to support the use of MRSA-effective antibiotic prophylaxis to reduce post-operative infection in these cases. 26 Eradication therapy could be initiated for those with positive results, while those without MRSA infection would not be exposed to the pathogen from neighbouring patients. Such strategies could help to control the burden of MRSA infection in trauma in the same way that outcomes have been improved in elective practice. 13 Further prospective studies are needed to evaluate whether this would be feasible in clinical practice.
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